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[ A Digest, 7

Since work with an aqueous solution 1s easiest, we started our investiga-
tion of electrolytic separation of zirconivm with & repetition cf the electrol-
ysis of sgueous zirconium sulfate according to Linford (1). Under the conditions
described by Linford, we only obtained a black turbldity at the cathode together
with a profuse evolution of hydrogen. Neither a brilliapt deposit nor Zirconium Y
powder could be obtained by this method. This checks with the results reported
by GIPKh (State Institute of Applied Chemistry) workers (2). Subsequently we
experimented with melts, investigating the effects of temperature and current
density at the cathode on the quality of the zirconium deposit separated elec-
trulytically from the following mixtures: AlCla-KC1 - NeF - ZrOp; 2 K¢ -ZxF), 5
KCl - NaCl - KpZrFg; KCL - NaCl - NaF - ZrOg; ZrCly - NaCl.

——

Aluminium Chloride - Potassium Chloride - Sodiun Fluoride - Zirconium Dioxide

Using 60 percent of aluminium chloride, 3Q percent or poassium chloride,
6 percent of sodium fluoride, and 4 percent of zirconjum dioxide (3), we obtained
only & black powder at the highest zirconium content. Using other proportions),
a bri]g.ia.n't alloy of aluminium with zirconium wae deposited at current densities
of 5-24 amperes per square déciweter. At current densities higher than that, the
zirconium content diminishes in the brilliant deposit, while at current dengities
lower than 5 amperes per square decimeter, a black powder having a varying zir-.
conium content is obtained. Ukrainien wcrkers who first suggested the composi-
tion of the melt originally tested by us (3) reported obtaining with it brilliant
deposits between 5-2L emperes and reduction of Zr content in the contiguous de-
posit at higher cyrrent demsitles, while the deposition of powdered materisl in-
creased. "
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We used s copper cathode and a rod-shaped graphite anode which wes protected
from burning by a procelain tube leaving free only the lower graphite tip (10-15
millimeters). The electrolysis was carried out in a porcelain beaker of 100-150
milliliters cepacity. The zirconium powder dropping from the cathode was collected
in a small porcelain beaker placed under the cathode. In almost all experiments 1
the powder was completely recovered from the melt. The temperature was measiced
by a thermocouple dipping into the melt. The black crystalline powders were washed
with warm water which had been acidified with hydrochloric acid. The amorphous
precipitates, which were difficult to filter, were washed with an ammonium chlo-
ride solution.

The current density at the cathode was varied between 1 and 20 amperes per
square decimeter at temperatures of 3€0-5500C. The potential applied at the con-
tacts of the electrolytic bath was between 3 and ) volts. For analysis the powder
wae fused with bisulfate and the zirconium precipitated as its pyrosulfate (this
methos for determiuing the zirconium was also used in the case of powiers obtalned
from other melts). In view of the fact that a thin insoluble layer of electrolyte
remained on the surfuace of the powder, the values determined by this method were
slightly too low.

As cen be seen from Table 1, the highest content of zirconium in the powder
amounted to 71 per:ent at a curreat demsity of 7 amperes per square decimeter.
Temperature changes in the range indicated above had no influence on the quality
of the deposit. The powders casught fire in the air at a temperature of about
400 degrees centigrade, while powders obtained by thermic raduction had already
caught fire at 210 degrees centigrade. The presence of a thin layer of electro-
lyte on the surface in the first case may be the explanation for that difference
in behavior.

Potassium Fluorozirconate (4)

The double salt was prepared by dissolviung zirconium dioxide in bydroflucric
acid and then adding = stochiometric quantity of potassium fluoride. The elec-
+rolysis was carried out in a carbon beeker. The cathode was a molybdenum or
iron plate while a carbon rod served as the anode. The carbon beaker was placed
into an electric crucible furnmace. At 500 degrees centigrade after 2_2% hours
of electrolyzing, potassium fluoride prezipitated at the bottom of the beaker.
At about that time the separation of black zirconium powder stopped. One may
assume that at this temperature the hexafluorozirconate of potassium decomposes
under volatilization of zirconium fluoride. The electrolysis was carried out
at current densities of 0.5-15 amperes per square decimeter. At 0.5 ampere per
square decimeter in one instance an adherirg layer of zirconium metal appeared
in spots on the molybdenum cathode. This later was covered by a fine gray pow-
der. At all other curresnt densities a gray powder having a zirconium content
of 63-70 percent was separated.

Potassium Chloride - Sodium Chloride - Potassium Hexaflucrozirconate

In order to eliminate the rether high volatility of potassium hexafluoro-
zirconate, we used a less volatile mixture which was mentioned in a UBA patent
(5) and investiguted byGIPKh workers (2), namely, a low-melting, eutectic mix-
ture of sodium chloride and potassium chloride to which 5-35 percent of potas-
sium hexafluorozirconate had been added. Since neither the US patent nor the
GIFKh report mention any details, we investigated this systea at various current
densities, temperatures, and potassium hexafluorozirconate concentrations. On
melting, the mixture is transparent, mobile, and mot very volatile. It is not
hydrolyzed by the moisture of the air. On melting of the sodium chloride-po-
tassium chioride mixture (after these salts had been purified and remelted),

a graphite ancde protected by a corundum pipe is dipped into the mixture. There-
upon potassium hexafluorozirconate is added and a molybdenum or fron cathode is
lowered after the current has been switched on.
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In order to maintain & constant composition, fresh potassium hexafluoro-
zirconate is added to the mixture every 30-35 minutes. The electrolysis is
carried out in a porcelain beaksr or an iren crucible. It is necessary to
substitute a new cathode for the old onec from time to time, because deposition
on the old one ceases after a while. Experiments were carried out at tempera- 1
tures starting with 660 degrees centigrade (fvsion temperature of the salt mix-
tura) end golng up to 8§00 degrees centigrade. The best deposits having the
highest zirconium content result at 660-70C degrees centigrade. Above 700 de-
grees centigrade the zirconium powder oxldizes. Increasing the potassium
fluorozirconate concentration from 5 to 20 percent has no perceptible effect
on the quality of the deposit. At T00 degrees centigrade witi. a KyZi¥g ~on-
centration of 20-35 percent and with a current density of 0.5 ampere per square
decimeter, we were able to obtain a zirccenium powder consisting of large gran-
ules. At that current density, the powder has the highest zirconium content.
Thin, brittle zirconium plates are occasionally deposited on the cathode at the
same current density. It could be estaplished by microscopic examination that
“hese plstes consist of individual zirconium crystals which have grown together.

" With this procedure, the cu.rent yield is somewhat higher than 50 percent. The
powder catches fire at 450-500 degrees centigrade. The results obtained in this
instence are given in Table 2. Under conditions described here, the GIPKh workers
(2) reported obtaining gray crystals of zirconluu in an iron c:ucible with &
current yield of 46.5 percent. They also mentioncd the separation of a dense
con’.lguons Zr deposit from molten KpZrFg on a cathode heated to 1,400 degrees
centigrade.

Potassium Chloride - Sodium Chloride - Scdium Fluoride - Zirconium Dioxide

Since this mixture of salts does not involve the use of hexafluorozirconate,
the process is simplified in this respect. Sodium fluoride has the function of
dissolving the zirconium dioxide, but the solubility in the neighborhood of T0O
degrees centigrade is rather low. The properties of the cathodic deposit in the
range of current densities of 1 to 15 amperes per squere decimeter have been in-
vestigated. At 15 emperes of density an amorphous mass which spréads throughout
+he volume of the melt .is separated; at one ampere per square decimeter no zir-
conium at sll is separated. At all other densities a grayish-black powder con-
taining up to S0 percent Zr is obtalned.

Zirconium Tetrachloride - Sodium Chloride

We prepared zirconium tetrachloride from black zirconium powder supplied
by the Moscow Institute of Rare Metals. The zirconium powder was freed from
iron by multiple waching with dilute hydrochloric acid. On drying it was bri-
queited with ten times the quantity of wood charcoal. The briquettes were
charged into a porcelain fube which was placed into a nichrome tubular furnace.
On removal of moisture, a stream of dry chlorine (dried very thoroughly with
sulfuric acid and phosphorus pentoxide) was blown through the tube at 600-650
degrees centigrads. A ball receptacle was attached to the end of the tube.
The highly volatile zirconium tetrachloride was deposited at the bottom of the
balls. Chemically pure sodium chloride (reagent grede) was ured. The salt -
was dissolved in water and crystallized while a stream of hydrogsn chloride
was passed through the solution. The crystals were washed with ice water and
dried at a temperature of 450-500 degrees centigrade. To prevent hydrolysis, ;
zirconium tetrachloride was fused with sodium chloﬁ.’de immediately upon prep- :
aration. The melt was stored in sealed test tubes.

‘ We submitted to electrolysis the least volatile mixture having the com-
. position ZrCly, 4KaCl, at a temperature of 550 degrees centigrade. A porce-
l lain beaker equipped with a tightly fitting cover, to prevent escape of zir- :

conium tetrachloride through volatilization, was used for electrolyzing the ;
mixture. At current densities of 0.5-10 ampere= pesr Bquare decimeters, &
black powder containing 80-85 percent of zirconium was obtained.
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We determined the decomposition potentisl at various temperatures for the
mixture consisting of 50 percent zirconium tetrachloride and 50 percent sodium
chloride. The values of the decomposition potential were determined from V-I
curves. The measurements were carried out in & quartz test tube which wes
tightly clceced by means of an asbastos stopper. A narrow molybdenum strip
formed the catkode, while a graphite rod which had been previously chlorinated
ancdicaily for 2 hours served as the ancde. The cathode was shielded by &
narrow glase test tube having a hole near th.. bottom. This hole wes plugged
with asbestos serving as s diephragm. The whole arrangement was placed into
an electric furnsce, The temperature was measured by means of a platinum: -
platinum-rhodium thermocouple and held constant within a span of pius 2 de-
grees centigrade. The current was measured with 2 milliamperemeter, while
the potential was determined by means of a precision voltmeter having & scale
graduated in 0.02 volt divisions. the V-1 curves were taken both with rising
end falling temperatures. Coincidence of points obtained in different ex-
periments was observed.

‘ The decomposition potential reached 2.0 volts at 550 degrees centigrade .
and amounted to 1.8 volts at 600 degrees centigrade. The decomposition poten-
tial falls rectilinearly with rising temperatures, the temperature coetficient
being 2 x 10-3 volts per degree centigrade. It was not possible to determine
the decomposition potentiais at temperatures abtove 620 degrees centigrade
owing to excessive volatility of the zirconium tetrachioride.

For purposes of comparison, it may be mentloned that chemical reduction
of zirconium dioxide results in highly dispersed black powders which are con-
teminated by oxides, carbides, nitrides, and other admixtures (6). Purer pow-
ders sre obtalned by reducing zirconium tetrachloride or potassium hexafluoro-
zirconate with alkali metals.
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Table 1. Zircopium - Aluminium Alloy Separated from the Mixture

Aluminium Chloride - Potassium Chloride - Sodium Fluoride - Zirconium Diogide b
Current Powder composition
Density at
Experi- Cathode ) .
ment {amp/sq dm) Zr (%) AL (%) " roperties of Deposit .
1 20 - - Amorphous precipitate
2 10 30 20 Black crystelline powder
3 7 71 13 n n n A
u 5 50 6.2 " " n
5 2 503 6‘3 " " "

Tehle 2. Zirconium Separated from the Mixture
. Potassium Chloride - Sodium Chloride - Potassium Hexafluorozirconate

Current Powder analysie
Density at :
Experi- Cat.hyie Insoluble
ment (amp/aq_dm) Zr (%) Residue (%) Properties of Deposit
1 20 65.6 5.2 Amorphous powder which is aif-
ficult to filter
2 10 7.7 18.9 Grayish-black amorphous powder
3 3 7.2 18.1 Black powder
4 1 74.3 15.6 co "
5 0.5 90.0 10.0 Gray powder - large crystals
under microscope :
~-END -
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